Most studies of analytical interference indicate the magnitude butnotthetype of interference. We developed a model for interference that assesses the magnitude of the following typesofinterference: (a) independentof analyte concentration, (b) dependent on analyteconcentration, and (C) a combination of the two. The experimental design for the model is an orthogonallyarranged matrixwith progressively increasing concentrationsof analyte and interferingagent.
feres with total bilirubin dependent on the analyte concentration, and interferes with direct bilirubin by a combination of these two.
Chemical interference
can be defined as deviation from the result expected for a given concentration of analyte, caused by the presence of another chemical species in the sample. This definition encompasses all possible chemical interferants (interfering agents): drugs, metabolites, con-
taniinants, intracellular
constituents, the solution matrix, etc.
The customary model for interference assumes that all interferences are independent of the concentration of analyte (1). An interferant or the product of the interferant reacting with reagent may absorb light at the wavelength of the reaction. This type of interference fits the customary model and is independent of the concentration of the analyte. On the other hand, the interferant may react directly with the analyte or it may interfere in the chemical reaction. This interference is analyte-dependent, i.e., the degree of interference changes as the concentration of analyte is altered. We describe a model for the assessment of interference in which are used multiple regressions with the following three independent variables: concentration of analyte, concentration of interferant (analyte-independent interference), and an interaction term (analyte-dependent). We applied the model to the interference of hemoglobin with the determination of creatinine, total bilirubin, and "direct" bilirubin.
The Model
We propose a model of interference that assesses the contribution of each of the three types of interference to the whole: (a) dependent on analyte concentration, 
Materials and Methods

Apparatus
ExperimentalDesign
We examined the interference of hemoglobin with three 
F
In the case of creatimne, the interference is independent XY of the analyte concentration, because only the f3 and (33 
The coefficient /3 represents the recovery of analyte and should be near 1, 132represents
analyte-independent interference, and $2 represents analyte-dependent interference.
The values for /32 and (32are related to the magnitude of interference, and their signs indicate the direction. For each coefficient we calculated the standard error (SE) and the Students'-t value. A P value <0.01 was considered a significant difference.
Results
Hemoglobin interfered
with determination of all three analytes, but the type of interference was different for each (Table 1) . The probabilities that the coefficients are not significantly different from zero (null hypothesis) are shown in parentheses.
surface and a trapezoidal front-face representing the relationship between the concentration of interferant and the magnitude of the interference. The flat interference response surface shows that the interference is independent of the concentration of creatinine; the downward slope to the left shows that interference by hemoglobin is negative.
The interference by hemoglobin with assay of total bilirubin is dependent on the concentration of analyte. Coeffidents $2 and (32show a significant difference fn)m zero (Table 1) . Again, the $2 coefficient is close to unity, which validates the method. The significance of coefficient (32with the minus sign indicates that interference is analyte-dependent and negative in relation to the concentration of hemoglobin. The figure illustrating these relationships shows a curved interference response surface identifying analytedependent interference (Figure 2, center) . The slope of this surface downward to the left indicates negative interference. The rectangular front-face indicates no independent interference by hemoglobin (analyte-independent interference).
Interference by hemoglobin with direct bilirubin depends both on analyte and interferant concentrations. Coefficients /33132' and (32differ significantly from zero, identifying both analyte-independent and analyte-dependent interference, but the two types of interference are in opposite directions. The relationship of the concentration of hemoglobin is positive for analyte-independent interference but negative for that dependent on the concentration of analyte. This difference in direction is reflected in the saddle shape of the interference response surface (Figure 2, bottom) . The slope of this surface downward to the left at high concentrations of direct biirubin is due to the analyte-dependent interference.
The trapezoidal front-face characterizes the direct analyteindependent interference by hemoglobin.
The data were analyzed independently by two different statistical methods. The SAS program and linear regression analysis gave essentially the same values for the coefficients and their corresponding statistical significance. Thus, either statistical method may be used with valid results.
Discussion
Current recommendations
for analysis of chemical interference suggest that the interference is independent of the concentration of the analyte (1) (2) (3) . Inherent in this assumption is the supposition that the interferant does not interact with the analyte as part of the mechanism of the interference. This assumption is false, because chemical interaction or competition between the analyte and the interferant for reagents is always possible. The National Committee for Clinical Laboratory Standards has published a method for assessing the interaction among interferants that involves a factorial design, but their method does not yield quantitative results (4).
The value for the coefficient of interference at one concentration of analyte may not be valid at others. Analytedependent interference may appear as the independent kind. For example, when the concentration of analyte is close to the ratio of -$2/$2, then (32 = -$2x, /32+ /32x = 0, and no interference is assumed-a false conclusion. The interference of hemoglobin with direct bilirubin is of this type ( Figure 2, bottom) ; no interference is observed when -$2/f32= 18 mg of direct bilirubin per liter. An example of pure analyte-independent interference is represented by the interference of hemoglobin with determination of creatinine (Figure 2, top) , and of pure analyte-dependent interference by the interference of hemoglobin with determination of total bilirubin (Figure 2, center) necessary and sufficient test to discern between analytedependent and -independent interference. One cannot properly correct for interference by using solely information on the concentration of interferant. Therefore, quantification of analyte or interferant by multipoint analysis will be inaccurate for many tests (5) .
In Letellier's review of drug interference (3) he cited four types, which we now classify into two: dependent or independent of analyte concentration. He first mentions the inhibition of alkaline phosphatase activity by theophylline. In this case the interferant is reacting with the analyte (equation 5) and the interference is analyte-dependent. Next, he cites the chelation of the enzyme activatormagnesium or zinc-by n-penicillamine and the subsequent decrease of alkaline phosphatase activity. This case, again, is an example of the interferant reaction with the analyte (equation 5) and the interference is analyte-dependent. Next, he mentions the absorbance of light, at 340 nm, by methotrexate and the apparent increase in concentrations of phosphorus and triglycerides and the activities of aspartate and alanine aminotransferases.
Here the interferant acts like the products, therefore the interferences are analyteindependent. The last type of interference he cites is the reaction of drugs with phosphotungstate to form a product that acts similar to that formed with uric acid, which is another example of analyte-independent interference. The interference caused by cefoxitin with Jaff#{233}-based methods for the determination of creatinine is also analyte-independent (6).
The main goal of an interference study is to ascertain the presence or absence of interference.
If the presence of interference is established, then its effect on clinical decision making can be assessed. Establishing the type of interference is important, because one could underestimate the contribution to interference if it is analyte-dependent and one used an inappropriate concentration of analyte for the study. Lastly, establishment of the type of interference engenders a clearer understanding of its chemical nature.
